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1SUMMARY
In the early 90’s, a new and novel means (liquid Flex system) of crop fertilisation
was launched on the Irish market which was capable of supplying the crop’s total
nitrogen, phosphorus, potassium and trace element requirement in liquid form,
formulated to meet specific crop requirements.  This system included novel
chemistry, untested under Irish conditions and with little specific reference in the
scientific literature.
The chemistry of the liquid Flex system consists of an acid-based material.  Stable
compounds i.e. urea sulphate, urea phosphate and urea-metal complexes are
formed by the reaction of urea with sulphuric acid, phosphoric acid and metal
salts, respectively.  Interest in these materials has been generated because they
possess a number of physical and chemical characteristics, which, in theory,
should be beneficial.  However, the ability of the Flex system to effectively supply
nutrients to the plant has not been researched.
A field and greenhouse experimental programme was carried out over the three
seasons, 1996-1998 to compare acid-base/urea-metal complexes with conventional
fertilisers and to investigate whether this unconventional chemistry could lead to
increased biological efficiency.  The trial programme evaluated the Flex system,
both as individual components and as a complete fertiliser.
In field comparisons, formulation of P as urea phosphate gave similar results to
conventional granular superphosphate in terms of grain yield, recovery of P by the
crop and grain quality, regardless of soil type.  This was supported by the results
from the greenhouse experiment.
In field comparisons of the main soil-applied liquid Flex source of N, i.e. N24
(urea with the addition of a standard level of acid and metal salts) with
conventional N formulations, N24 gave poorer performance than CAN and
granular urea in warm dry conditions due to insufficient inhibition to substantially
reduce ammonia volatilisation.  In wet conditions, the slow release of N from
inhibited urea may have reduced the potential loss from leaching or denitrification,
and led to a better performance than CAN or urea.
2The additional product of the Flex system, i.e. liquid Flex urea - N18 (urea with
the addition of metal salts), applied as a foliar spray, was no more efficient than
liquid urea as a late N source.  The Flex urea had the disadvantage that it gave
higher scorch levels than conventional liquid urea.  When flag leaf scorch was
excessive, grain yield was affected and quality suffered, with reduced grain and
hectolitre weights.
Where early application of P may have been critical to obtain maximum response,
the N that accompanied the early application of P as urea phosphate was most
likely lost through leaching.  The application of large quantities of K in any one
application with the liquid system was restricted due to solubility problems, which
ultimately resulted in delayed application in soils with low K levels.
The Flex system does not lead to increased biological efficiency.  However, as
farms get bigger and greater emphasis is placed on the reduction of water and air
pollution, the liquid Flex system may become attractive because of its practical
advantages in handling, storage and application and the ability to tailor-make
specific formulations for given crop requirements.
INTRODUCTION
Despite the outstanding developments over the last 30 years in crop production,
the recovery or use efficiency of fertilisers by crops in arable lands remains
relatively low.  Ways of improving fertiliser efficiency would not only increase
yields and reduce crop production costs; it would also minimise eutrophication of
surface and ground waters.
The introduction of the liquid Flex Fertiliser System in 1993 provided an
opportunity of supplying crops with their total nitrogen, phosphorus, potassium
and trace element requirement in liquid form, tailor-made in a specific formulation
to meet any given crop requirement.
Liquid fertilisers offer some potential benefits over solid fertilisers.  These
benefits include: easier to spread evenly, easier to apply intended amount, easier to
3transport and handle, less on-farm labour, more intensive use of sprayer, increased
application window and tailored formulations.
The chemistry of the liquid Flex system differs from conventional fertilisers in
that an acid-based material is formed by the reaction of urea with sulphuric acid,
phosphoric acid and metal salts giving fertilisers containing stable compounds i.e.
urea sulphate, urea phosphate and urea-metal complexes, respectively.
The addition of sulphuric and phosphoric acid to urea has been shown to reduce
ammonia loss in conditions that favour volatilisation.  The ability of some
inorganic or metal salts to lower ammonia volatilisation of soil-applied urea has
also been reported.  However, the performance of the Flex system in supplying
nutrients to cereal crops has not been researched.
There were four main areas identified where new information was needed.
(1) The effectiveness of urea-phosphate in supplying phosphorus to the plant,
in a field or controlled environment situation.  All the phosphorus in the
liquid system is in the form of a urea-phosphate complex.
(2) The efficiency of the Flex main commercial source of nitrogen, N24
(urea with the addition of a standard level of phosphoric acid, sulphuric
acid and metal-salts), in comparison with conventional nitrogen types i.e.
CAN and urea.
(3) The performance of complete acid-based liquid fertiliser programmes
compared with conventional granular systems.  This is important in
situations where soil phosphorus reserves are low, where the early or
autumn application of phosphorus can be critical in obtaining maximum
response.  In these situations, due to the bond between nitrogen and
phosphorus in the Flex system, the application of 1 kg/ha of P must be
accompanied by at least 1 kg/ha of N.  This complication will have
implications for nitrogen use efficiency.
(4) The effect of the addition of inorganic salts to urea, applied late in the
season, as a foliar spray to boost protein content of wheat.  This nitrogen
chemistry is the basis for an additional product of the Flex system i.e.
liquid Flex urea - N18.
4Consequently, a research programme was carried out over the three seasons 1996-
1998 to evaluate and compare the response to acid-base/urea-metal complexes
with conventional fertilisers.
MATERIALS AND METHODS, RESULTS AND
DISCUSSION
 Study 1
A comparison of liquid urea phosphate with superphosphate
Agronomic properties of phosphorus (P) fertilisers cannot be determined from
water solubility, nor has any laboratory test been devised which can predict their
performance.  Consequently, researchers have had to resort to field trials.  These
trials would commonly involve the comparison of a new fertiliser with a standard
P fertiliser, preferably under the range of field conditions for which the new
fertiliser is proposed.
Urea phosphate was compared with superphosphate in field experiments over the
three growing seasons 1996-1998.  Sites were selected on the basis of a low soil P
reserve, where both fertilisers were applied at a number of rates at different
timings.
Two winter wheat field trials were carried out in 1996 at Summerhill, Co. Meath
and Mooncoin, Co. Kilkenny with soil P levels of 1.6 and 2.0 ppm respectively. In
both sites the cultivar grown was Brigadier. Both trials included two products, a
urea-urea phosphate mixture (15% N, 8.5% P), and superphosphate (16% P)
applied at six P rates: 10, 20, 30, 40, 50, and 60 kg/ha.  The nitrogen level of each
treatment was brought up to 155 kg/ha.  Phosphorus treatments were applied on
27/03/96 and 29/03/96 in Mooncoin and Summerhill, respectively.
Two similar field trials were carried out in 1997 and 1998 at Summerhill, Co.
Meath with soil P levels of 2.5 and 1.3 ppm respectively, and Piltown, Co.
Kilkenny in 1997, with a soil P level of 3.4 ppm, on the cultivar Brigadier.  Both
5trials included two P products, urea phosphate (3% N, 3% P) and superphosphate
(16% P) applied at three P rates: 20, 40 and 60 kg/ha.  Phosphorus treatments were
applied at three timings, full in autumn, full in spring and half autumn/half spring.
Granular urea was applied to the superphosphate treatments to balance the
nitrogen applied in the urea phosphate treatments.  Total nitrogen applied to each
treatment was a minimum of 200 kg/ha in 1997 and 160 kg/ha in 1998.
In the field comparisons, no differences were detected between P source in grain
yield (Table 1) or any of the grain quality parameters in any of the trials in 1996
and 1997.  Because of the significant interactions between the factors affecting
yield at Summerhill in 1998, it is impossible to draw any conclusions on the
relative efficiencies of urea phosphate in comparison to conventional granular
superphosphate in that trial.  However, there only existed a difference of 0.03 t/ha
between the mean of all urea phosphate and the mean of all superphosphate
treatments.  These results are reinforced by an analysis of grain P content and total
P uptake in grain.
Table 1: Grain yields (t/ha @ 15% moisture content) as affected by phosphorus
source
SummerhillMooncoin
1996
Piltown
1997 1996 1997 1998
Phosphorus source
Superphosphate 10.622 8.840 11.343 11.030 8.410
Urea phosphate 10.905 8.940 11.452 10.970 8.380
Level of sig. n.s. n.s. n.s. n.s. -
Response to P application varied according to site (Fig. 1).  Many factors
contribute to this response variation including soil P status, soil type and seasonal
growing conditions.  In general, response to fresh applications of P was low, even
though the soils were selected on the basis of a likely yield response.  However,
the data indicated a reduced response to applied P fertiliser as soil P level
increased above index 1, i.e. 3.0 ppm.  This reinforces the important role of soil P
analysis in determining optimum P application rates.
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Fig. 1: Grain yield response to P fertiliser application across a range of soil types
differing in soil P levels
The timing of P application accounted for little variation in P uptake and grain
yield.  Winter wheat crops responded to spring applications of P.  However, in
soils where P reserves were extremely deficient i.e. Summerhill 1998, a bigger
response was obtained from an earlier application over the autumn/winter period.
Because field experiments have only a limited ability to detect a difference in
plant yield between P fertilisers, further experiments were carried out under
controlled conditions, further evaluating urea phosphate in comparison to
superphosphate.
Three soils; a heavy clay soil from Co. Meath, a heavy clay soil from North Co.
Dublin and a somewhat lighter soil from Co. Kilkenny were potted in 3.5 inch
pots and sown with spring barley (c.v. Optic).  Morgan’s  P values were 3.0, 4.0
and 2.0 ppm for the soils from Meath, Dublin and Kilkenny, respectively.
Superphosphate (16% P) and urea phosphate (3% P/3% N) were applied at the rate
of 25, 50 and 75 mg P per pot.  Total N level was brought up to 75 mg in each
treatment using a 10% N solution as liquid urea to balance the N applied as urea
phosphate.  Pots were watered weekly with a P-free nutrient solution to optimise
growing conditions.  Three harvests were taken from each treatment by cutting the
plants at soil level: 42, 62 and 86 days after sowing.
7At harvests 1 and 2, no differences were observed between P sources in total dry
matter production (TDMP) (Table 2).  These results indicate that urea phosphate
behaved in the same way as superphosphate in supplying P to the plant and was
not influenced by soil type or P rate.  The interactive effect between P type and
rate in total dry matter production at harvest 3 cannot be explained.  However,
when total dry matter production at harvest 3 was combined with the whole plant
P content, no significant differences existed between urea phosphate and
superphosphate in total P uptake with no interactions between soil type, P type and
rate being observed.  This data reinforces the hypothesis that urea phosphate is as
effective as superphosphate in supplying P to the plant.
Table 2: The effect of P source, at three P rates, over three soil types, on total
dry matter production measured on three harvest dates and total P
uptake measured at harvest 3
Harvest 1
DM (g)
Harvest 2
DM (g)
Harvest 3
DM (g)
Harvest 3
P uptake (mg)
Phosphorus type
Urea phosphate 1.03 3.92 8.68 11.19
Superphosphate 0.99 3.99 8.98 12.33
Level of sig. n.s. n.s. - n.s.
Significant interactions were detected between soil type and P rate in TDMP at
harvests 1 and 3.  This reflects the response in TDMP to P application with soils
of different P levels.  The Dublin soil showed no response to applied P at harvest
1. In contrast the Kilkenny and Meath soils responded to P application with
TDMP increasing as P rate increased.  At harvest 3, TDMP increased up as far as
the highest P rate in the Kilkenny and Meath soils whereas, in the Dublin soil, no
response in TDMP to P application occurred above 50 mg of applied P.  This
difference in response associated with different soil types reflects the initial P
level in the soils, with the Dublin soil having an initial Morgan’s P level of 4.0
ppm being higher than the Meath and Kilkenny soils of 3.0 and 2.0 ppm,
respectively.  Clearly, the reserves of P in the Dublin soil played a bigger part in
total P uptake than that of the soil reserves of the Meath or Kilkenny soils.  This is
verified in the significantly higher dry matter yield associated with the untreated
Dublin soil in comparison to the untreated Meath and Kilkenny soils, on both
harvests 2 and 3.  A higher total P uptake from the untreated Dublin soil in
comparison to the Meath and Kilkenny soils reinforces this concept (Fig. 2).
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Fig. 2:  The effect of P rate on total P uptake measured on three soil types at
harvest 3.
The magnitude of the yield response to P application was similar in the Meath and
Kilkenny soils.  Both soils had a P index of 1, with response to applied P at this
soil P level categorised as definite.  The Dublin soil on the other hand, had a soil P
index of 2, with response to applied P categorised as possible.  These yield
responses indicate the reliability of the soil P test as a predictor of yield or dry
matter response to applied P fertiliser, with the threshold of approximately 3.0
ppm between a definite and a possible response.
9Study 2
A comparison of liquid flex N24 with calcium ammonium nitrate and
urea as main nitrogen sources
Because urea is cheaper than ammonium nitrate, there is an interest in its use for
cereals.  In general, urea is as effective as CAN early in the growing season, less
so in summer.  The main reason for loss of efficiency of urea is volatilisation of
ammonia.  In contrast, leaching and denitrification are the principal loss
mechanisms with ammonium nitrate.
A variety of strategies have potential for improving the efficiency of urea by
reducing the release of ammonia at the soil surface.  These include slow-release
systems, urease inhibitors, and additives to modify granule chemistry and
placement systems.  The addition of acids (as urease inhibitors) and inorganic salts
(to depress the alkaline pH generated on urea decomposition) appear to have
considerable potential.  Nitrogen would be released slowly, and leaching and
volatilisation reduced.
An investigation into this strategy was carried out over two growing seasons.  The
liquid Flex main nitrogen source, N24 (urea with the addition of sulphuric acid,
phosphoric acid and some inorganic salts) was compared with CAN and urea at
two sites in 1997 and one site in 1998 on the cultivar Brigadier.  The trials were
carried out at Oak Park, Co. Carlow and Ardclough, Co. Kildare in 1997 and at
Ardclough in 1998.  Liquid N24 (24% N w/w) was compared with CAN and
granular urea in 1997 and CAN, granular urea and liquid urea in 1998 at 100, 150,
200 and 250 kg N/ha in split applications at conventional timings.  The N24 was
also applied at timings two and four weeks earlier than conventional.
In the 1997 trials, liquid N24 gave a lower N uptake and grain yield than granular
urea, and both were inferior to CAN (Figs. 3 and 4).  Since the weather was dry
and warm at the time of application, ammonia volatilisation may account for these
results.  In addition, the amount of acid inhibitor may not have been sufficient to
eliminate this loss.  The difference in performance between granular urea and N24
is explained by the increased surface area of liquid that is exposed to the soil
particles and therefore the urease enzyme which gives rise to urea hydrolysis.  The
slower breakdown of the urea granule leads to a lower rate of urea hydrolysis,
which in turn can delay the time at which maximum rates of ammonia loss occurs.
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Fig. 3: Grain yield and total nitrogen uptake as affected by nitrogen system
(average of four nitrogen rates), Ardclough, 1997
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Fig. 4: Grain yield and total nitrogen uptake as affected by nitrogen system
(average of four nitrogen rates), Oak Park, 1997
11
The liquid N24 gave a more positive response in 1998 (Fig. 5).  This is almost
certainly due to the high rainfall at fertiliser application, which may have led to
leaching losses from CAN and urea. N24, being a slow nitrogen release source,
may have suffered less in this respect.  Significantly higher soil nitrate levels were
recorded where CAN was used in comparison to N24 applied late, when measured
in mid-May.
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Fig. 5: Grain yield and total nitrogen uptake as affected by nitrogen system
(average of four nitrogen rates) Ardclough, 1998
It is apparent from these trials that the response in wheat grain yield, N uptake
etc., with different N types i.e. N24, urea and CAN varies between years.  The
difference in performance reflects the susceptibility of the N sources to different N
loss mechanisms, depending on environmental conditions.  The loss mechanism of
most significance for urea and N24 is volatilisation.  Soil water content,
temperature and amount of rainfall after application are the overriding factors in
determining the magnitude of NH3 loss. N24 may not be inhibited enough to
substantially reduce NH3 loss in situations where loss is likely to occur.  The
amount of NH3 loss associated with N24 greatly depends on the time of
application and the amount of rainfall after fertiliser application.  In very dry
situations, urea in granular form can suffer from a reduced rate of urea hydrolysis
and a delay in the time at which maximum rate of NH3 occurs in comparison to
urea in a liquid solution.  This is due to the smaller surface area exposed for urea
hydrolysis with granular urea.  The slow release of N from N24 may reduce the
potential loss from leaching or denitrification during periods of heavy rainfall.
12
Study 3
A comparison of complete acid-based liquid fertilisation
programmes with conventional granular systems
In earlier sections urea phosphate and acid-based nitrogen have been separately
compared with conventional phosphorus and nitrogen sources.  This section set
out to compare complete liquid-based fertiliser systems with their conventional
equivalents.
Comparison of complete fertiliser systems is complicated by the bond between
nitrogen and phosphorus in the liquid system (Pure urea phosphate has
approximately the same level of N to P, i.e. 17.7% N and 19.6% P).  This dictates
that the application of 1 kg of phosphorus must be accompanied by at least 1 kg of
nitrogen.
Three trials were carried out in 1997-1998 to compare complete fertiliser
programmes in winter wheat.  The trials were carried out on soils with low
phosphorus reserves where yields were most likely to be influenced by the rate
and timing of nitrogen and phosphorus application.  Since phosphorus cannot be
applied on its own in the liquid system, a compromise was necessary at the first
application of the liquid treatments.  Phosphorus application was kept below the
desired level, to reduce the application of undesired levels of nitrogen.
Three experiments were carried out at Summerhill, Co. Meath in 1997 and 1998
and at Piltown, Co. Kilkenny in 1997, on the cultivar Brigadier, to compare
complete liquid and granular fertilisation systems.  The sites were selected on the
basis of a low soil phosphorus reserve, so the early or autumn application of
phosphorus might be expected to influence yield.  Because of the relationship
between nitrogen and phosphorus in the liquid system, early application of
phosphorus would obviously affect nitrogen use efficiency.  Results from soil
analysis for each site are presented in Table 3.
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Table 3:  Soil analysis reports for each site
Summerhill 1997 Piltown 1997 Summerhill 1998
pH 6.3 5.8 6.0
mg/l Index mg/l Index mg/l Index
Phosphorus (P) 2.5 V. Low 3.4 Low 1.3 V. Low
Potassium (K) 51 Low 135 Medium 38 V. Low
Magnesium (Mg) 74.3 Medium 237 High 39.8 Low
Copper (Cu) 12.1 High 4.7 High 7.7 High
Zinc (Zn) 5.5 High 2.9 Medium 5.0 High
Manganese (Mn) 325 High 430 High 439 High
Three fertiliser programmes were included: the recommended rate based on soil
analysis, and 30% above and below this level.  The N, P and K requirements for
each trial site are presented in Table 4.
Table 4: N, P and K requirements for trial treatments (kg/ha)
Recommended
rate
30% lower 30% higher
Summerhill 1997
Nitrogen 185 130 240
Phosphorus 45 32 59
Potassium 75 53 98
Summerhill 1998
Nitrogen 185 130 240
Phosphorus 45 32 59
Potassium 95 67 124
Piltown 1997
Nitrogen 185 130 240
Phosphorus 35 25 46
Potassium 60 42 78
Fertiliser type, rate and timing of application for individual treatments, in all three
trials, are presented in Tables 5-7.
14
Table 5: Systems trial Summerhill 1997 treatments
LIQUID
Recommended rate 30% lower rate 30% higher rate
500 kg/ha 6-4-8
12/12/96
350 kg/ha 6-4-8
12/12/96
650 kg/ha 6-4-8
12/12/96
500 kg/ha 15-4-5
04/03/97
350 kg/ha 15-4-5
04/03/97
650 kg/ha 15-4-5
04/03/97
450 kg/ha 19-2-3
26/03/97
315 kg/ha 19-2-3
26/03/97
585 kg/ha 19-2-3
26/03/97
SOLID
Recommended rate 30% lower rate 30% higher rate
45 kg/ha P
75 kg/ha K - 12/12/96
32 kg/ha P
53 kg/ha K - 12/12/96
59 kg/ha P
98 kg/ha K - 12/12/96
75 kg/ha N - 13/03/97 75 kg/ha N - 13/03/97 75 kg/ha N - 13/03/97
110 kg/ha N - 10/04/97 55 kg/ha N - 10/04/97 165 kg/ha N - 10/04/97
All granular N, P and K fertiliser applied as CAN (27.5% N), superphosphate
(16% P) and muriate of potash (50% K).
Table 6: Systems trial Piltown 1997 treatments
LIQUID
Recommended rate 30% lower rate 30% higher rate
450 kg/ha 7-4-7
05/12/96
315 kg/ha 7-4-7
05/12/96
585 kg/ha 7-4-7
05/12/96
450 kg/ha 15-2-6
27/02/97
315 kg/ha 15-2-6
27/02/97
585 kg/ha 15-2-6
27/02/97
450 kg/ha 20-1-0
25/03/97
315 kg/ha 20-1-0
25/03/97
585 kg/ha 20-1-0
25/03/97
SOLID
Recommended rate 30% lower rate 30% higher rate
30 kg/ha P
60 kg/ha K - 05/12/96
25 kg/ha P
42 kg/ha K - 05/12/96
46 kg/ha P
78 kg/ha K - 05/12/96
75 kg/ha N - 14/03/97 75 kg/ha N - 14/03/97 75 kg/ha N - 14/03/97
110 kg/ha N - 11/04/97 55 kg/ha N - 11/04/97 165 kg/ha N - 11/04/97
All granular N, P and K fertiliser applied as CAN (27.5% N), superphosphate
(16% P) and muriate of potash (50% K).
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Table 7: Systems trial Summerhill 1998 treatments
LIQUID
Recommended rate 30% lower rate 30% higher rate
400 kg/ha 3-3-8
14/01/98
280 kg/ha 3-3-8
14/01/98
520 kg/ha 3-3-8
14/01/98
700 kg/ha 8-3-7
31/03/98
490 kg/ha 8-3-7
31/03/98
910 kg/ha 8-3-7
31/03/98
650 kg/ha 20-1-1
17/04/98
455 kg/ha 20-1-1
17/04/98
845 kg/ha 20-1-1
17/04/98
SOLID
Recommended rate 30% lower rate 30% higher rate
45 kg/ha P
95 kg/ha K - 14/01/98
32 kg/ha P
67 kg/ha K - 14/01/98
59 kg/ha P
124 kg/ha K - 14/01/98
65 kg/ha N - 20/03/98 65 kg/ha N - 20/03/98 65 kg/ha N - 20/03/98
120 kg/ha N - 25/04/98 65 kg/ha N - 25/04/98 176 kg/ha N - 25/04/98
All granular N, P and K fertiliser applied as CAN (27.5% N), superphosphate
(16% P) and muriate of potash (50% K).
In all but one of these trials, granular fertiliser gave higher grain yields than liquid
(Figs. 6-8).  The only exception was at Summerhill in 1997, where liquid gave a
significantly higher grain yield than solid at the 30% higher than recommended
fertiliser rate (Fig. 6).  The high level of lodging explains this result.  The yield
difference between solid and liquid was reflected in a significant difference in
total crop N uptake with granular being higher than liquid in all cases.
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Fig. 6: The effect of fertiliser programme on wheat grain
 yield and N uptake (Summerhill, 1997)
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Fig. 7. The effect of fertiliser programme on wheat grain
yield and N uptake (Piltown, 1997)
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Fig. 8: The effect of fertiliser programme on wheat grain yield
and N uptake (Summerhill, 1998)
Due to the importance of timing of nutrient application, level of inhibition etc.,
there was the minor practical difficulty in formulating a liquid fertilisation
programme to meet exactly the requirements of the crop.  As a result, there was a
slight variation in the total amount of nutrient applied between solid and liquid.
However, this slight imbalance would not have been considered to contribute, to
any great extent, to the difference in performance between the two systems.
Therefore, the difference that existed in the performance between solid and liquid
is either due to (1) timing of the nutrient application or (2) the different chemistry
associated with both.
There was a big distinction in the timing of the fertiliser application between solid
and liquid.  Liquid fertiliser application resulted in delayed P and K application
and the application of N during undesirable times i.e. autumn, winter and early
spring.
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Given that soil K levels were reasonable at Summerhill (51 ppm) in 1997 and
quite good (135 ppm) at Piltown, it is highly unlikely that any differences in grain
yield response was due to timing of application of K.  No response would be
expected to K application at Piltown, while in situations like Summerhill, where
soil K levels are lower, grain yield would not be expected to be penalised when
some of the K was applied in the autumn period.
Separate trials on the same sites in 1997, as discussed in the phosphorus section,
showed no yield response to applied P at Piltown when applied in the autumn, half
autumn/half spring or spring.  A significant yield response was observed up to 20
kg/ha of P in Summerhill, but this was not significantly affected by timing or by P
type.  As a result, the timing of P and K application can be ruled out as the reason
for a difference in performance between solid and liquid fertiliser, regardless of
their different chemistry.  It is likely that the timing of N application had the most
significant effect.
There is strong evidence in the literature to suggest that the N applied in
December with the liquid treatments was lost over the winter and early spring by
leaching.  Some loss from the early spring applications may further explain the
differences in grain yield and total N uptake between the two systems in 1997.
The difference in chemistry between N types may have also contributed to the
difference in performance between solid and liquid.  As discussed in the previous
section, liquid Flex nitrogen varies in performance from year-to-year when
compared with CAN.  The difference in efficiency between solid and liquid
cannot be solely attributed to either the different nitrogen chemistry or timing of
application.  However, in all probability, the chemical difference in N between
solid and liquid played a much smaller part than the time of application in the
overall performance between both systems.
A somewhat different scenario was encountered in 1998 where P and K levels in
soil were extremely deficient.  Grain yield fell, but not significantly, at the lower
fertiliser level; there was little increase at the higher level.  The liquid system gave
lower yields and N uptakes; this may be due to the later application of P and K
within the liquid system, which restricted yield potential and reduced the response
to the subsequent application of nitrogen.  Early P application gave a more
positive yield response than later applications in a separate trial on the same site
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(Fig. 9).  The possible loss of nitrogen over the winter period with the liquid
systems may further explain the difference in performance.
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Fig. 9: The effect of phosphorus timing on grain yield and total phosphorus
uptake in grain (Summerhill, 1998)
The current trials demonstrate the difficulties of using the liquid system under
study in situations of low soil P and K supply.  In such situations, the early timing
of P and K can be critical to maximise grain yields.  The early application of P as
urea phosphate has very serious implications for N efficiency.  The application of
N in the autumn and winter period is very much at risk of being lost from nitrate
leaching and has little, if any positive effect on final grain yield.  There is also the
practical problem of including large quantities of K in the formulation, due to
solubility limitations.  This creates difficulties in meeting the often large K
requirements in any one application, which ultimately can result in delayed
application.
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Study 4
A comparison of liquid urea with liquid flex urea as late nitrogen
sources
The application of foliar urea can offer potential benefits over conventional soil
applications.  However, efficiency of foliar applied nitrogen, as urea can be very
variable and often low.  Reports suggest that the most likely cause of loss is
volatilisation of ammonia as the urea was hydrolysed either from the surface of
leaves or the soil surface after urea reaches the soil.
Reports from a number of studies demonstrate the ability of inorganic salts such as
CaCl2, Ca(NO3)2, KCL, KNO3 and MgSO4 to lower NH3 volatilisation from urea
when applied to soil.  Little or no information is reported in the literature on the
effect of the addition of these inorganic salts to urea when applied to the foliage of
winter wheat as a foliar spray.  If the same holds for foliar application as with soil
application, then the altering of urea with the addition of this type of chemicals
has therefore, the potential for increased efficiency of foliar applied urea.
A series of field trials were carried out over the 1996-1998 growing seasons to
study the effect of late nitrogen on the yield and protein content of winter wheat
and, in particular, to compare liquid urea with liquid Flex urea (addition of
inorganic salts, i.e. N18) urea as a late nitrogen source.
In 1996, a trial was carried out at Oak Park, Carlow to compare late N sources on
the cultivar Brigadier.  Liquid urea was made up as a 10% N solution w/v while
liquid Flex urea was somewhat more concentrated at 18% N solution w/w.  These
were applied at four late N rates: 20, 30, 40 and 50 kg/ha.  All treatments received
a basal dressing of 160 kg/ha of N as CAN. All late N treatments were applied on
19/06/96.  Data are presented in Table 8 for grain yield, protein content and total
grain N.
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Table 8: Grain yield, protein content and total grain N as affected by late
N source (Oak Park, 1996)
Grain yield
(t/ha @ 15% MC)
Grain protein
content
(% @ 15% MC)
Total grain N
(kg/ha)
Liquid urea 10.54 8.59 158
Liquid Flex urea 10.63 8.48 158
Level of sig. n.s. n.s. n.s.
During the 1997 and 1998 growing seasons, field trials were carried out at Oak
Park, Carlow and Ardclough, Co. Kildare on the cultivar Brigadier.  Liquid urea
was made up as a 10% N solution w/v while liquid Flex urea was diluted down to
10% N solution w/v.  These N sources were applied at five rates: 10, 20, 30, 40
and 50 kg/ha.  All treatments received a basal dressing of 160 kg/ha of N as CAN.
All late N treatments were applied on 30/06/97 and 27/06/97 and 30/06/98 and
25/06/98 at Oak Park and Ardclough, respectively.  Data are presented for grain
yield (t/ha @ 15% moisture content), protein content (% @ 15% moisture content)
and total grain N (kg/ha) in Tables 9 and 10, for the trials in 1997 and 1998,
respectively.  The effect of late N source and rate on flag leaf scorch at Ardclough
in 1997 and Oak Park in 1998 is presented in Figures 10 and 11, respectively.
Table 9: Grain yield, protein content and total grain N as affected by late N
source (Ardclough and Oak Park, 1997)
Ardclough Oak Park
Grain
yield
Protein
content
Total
grain N
Grain
yield
Protein
content
Total
grain N
Liq urea 10.84 8.70 166 10.39 9.33 170
Liq Flex urea 10.72 8.87 167 10.14 9.40 167
Level of sig. 0.05 n.s. n.s. n.s. n.s. n.s.
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Table 10: Grain yield, protein content and total grain N as affected by late 
N source (Ardclough and Oak Park, 1998)
Ardclough Oak Park
Grain
yield
Protein
content
Total
grain N
Grain
yield
Protein
content
Total
grain N
Liq urea 9.22 8.33 135 9.78 9.77 167
Liq Flex urea 9.44 8.43 140 9.84 9.53 164
Level of sig. n.s. n.s. 0.01 n.s. 0.05 n.s.
NOTE: Late N treatments were washed from leaves due to a heavy
shower immediately after application at Ardclough in 1998.  As
a result, uptake of late N occurred mostly via the root system.
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Fig. 10: The effect of late N source and rate on flag leaf scorch (Ardclough,1997)
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Fig. 11: The effect of late N source and rate on flag leaf scorch (Oak Park,
1998)
Throughout the current set of trials, liquid Flex urea (N18) was, in general as
efficient as liquid urea as a late N source in terms of grain yield, protein content
and N recovery in grain.  However, liquid Flex urea consistently gave higher
scorch levels than liquid urea.  This indicates more toxic effects of liquid Flex in
comparison to liquid urea.
Scorch levels varied from year to year.  Higher rates of late N increased flag leaf
scorch.  A scorch level of 20% would seem to be the threshold value, which if
exceeded, has a negative effect on grain yield.
The hectolitre and the mean grain weight tended to decrease and screenings
increase in treatments where high amounts of scorch on the flag leaf were
detected.  The application of late N had the opposite effect in trials with minimum
amounts of scorch.
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The results from the current set of trials would indicate that the addition of
inorganic salts to urea, applied as a foliar spray, increases leaf scorch.  However,
these higher scorch levels seem to have a negligible effect on grain yield, protein
content and hence, total nitrogen recovery in the grain.  Soil applications of this
type of urea may result in increased efficiency as evidenced in the literature and as
shown with a higher grain N recovery at Ardclough in 1998, but further work is
necessary before a definite conclusion is reached on the efficiency of soil-applied
liquid Flex urea (N18).
CONCLUSIONS
The liquid Flex fertiliser system was an unknown quantity when it was introduced
into Irish agriculture. Its novel chemistry was untried under Irish conditions.
There were few literature references available and this project was initiated to
establish the basic facts concerning the system.  The field and greenhouse
experimental programme has provided much useful information on the
performance of the liquid Flex fertiliser system, both as individual components
and as a complete fertiliser.
With regard to phosphorus, the application of P fertiliser is likely to give increased
plant uptake and higher yields in the year of application if soil P is low.  In this
situation, formulation of P as urea phosphate (as in the Flex system) gives the
same results as conventional granular superphosphate in terms of recovery of P by
the crop, grain yield and grain quality.  This conclusion is supported by the results
of field and greenhouse trials.  The trials also suggest that soil type has little effect
on uptake efficiency.  It is, therefore, concluded that urea phosphate and
superphosphate are equally efficient in terms of nutrient supply and crop yield.
The addition of acids and inorganic salts to urea can have a reduced ammonia
volatilisation in periods of dry, warm weather.  This is due to the retardation of
urease activity or a reduction in the generation of an alkaline pH after hydrolysis,
or a combination of both.  However, the N24 Flex urea does not appear to be
sufficiently inhibited to substantially reduce ammonia volatilisation in these
circumstances.
25
However, in field comparisons of Flex urea (N24) with conventional N
formulations, the effect of weather and soil conditions on the control treatment
must also be taken into account.  Uninhibited urea may be expected to suffer from
ammonia volatilisation in warm, dry conditions.  Urea in granular form may have
a lower rate of urea hydrolysis than liquid urea, due to its smaller surface area
exposed to the urease enzyme.  This may delay the time at which maximum rate of
ammonia loss occurs.  In contrast, leaching in very wet weather is the most
important source of N loss for CAN.  In these conditions, the slow release of N
from inhibited urea (N24) may reduce the potential loss from leaching or
denitrification, and lead to a better performance than CAN or urea, whether in
solid or liquid form.  In the Irish climate, which is generally free from extremes of
temperature or rainfall, little long-term difference is likely to be found between the
various N sources.
The additional product of the Flex system, i.e. Liquid Flex urea - N18, applied as a
foliar spray, is no more efficient than liquid urea as a late N source in terms of
grain yield, protein content or N recovery in grain.  The Flex urea has the
disadvantage of giving higher scorch levels than conventional liquid urea.  If flag
leaf scorch is excessive, grain yield and quality may suffer, with reduced grain and
hectolitre weights.
With regard to complete fertiliser systems, the necessity for Flex P applications to
be accompanied by roughly similar amounts of N (because of the bond between N
and P in urea phosphate) leads to inefficient fertiliser use in some situations.  In
soils with low P reserves, the early application of P may be essential to obtain
maximum response.  The N that accompanies the early application of P as urea
phosphate is likely to be lost through leaching.  Optimum use of N and P cannot
be achieved in this situation.
Where soil K levels are very low, the application of large quantities of K in any
one application with the liquid system is restricted due to solubility problems.
This can ultimately result in delayed application.
In these situations, the application of straight P and K granular fertilisers would be
recommended to avoid the application of nitrogen in periods when it is likely to be
leached before being taken up by the crop.
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The research carried out has established that the Flex system is no more efficient
than conventional fertilisation methods from a biological point of view.  Urea
phosphate is as efficient as superphosphate as a P source. Liquid Flex nitrogen
performs better in certain situations, but worse in others.  The inhibition of urea
with inorganic salts, applied as a foliar spray, does not improve overall efficiency,
and exacerbates the risk of leaf scorch.  The use of complete Flex fertilisers leads
to some inefficiencies on soils with very low P or K status.
However, the Flex system offers some practical advantages. As a complete liquid
system, the handling, storage and application of the fertiliser can be carried out at
a lower labour and machinery cost.  This is especially the case on larger farms.
The liquid fertiliser can also be applied more evenly and precisely, and application
is less weather-dependent, while specific formulations can be tailor-made for
given crop requirements ensuring maximum efficiency and greater environmental
benefits.
